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MTRODUCTIOIT
The object o f th is  work was to determine the e ffe c t  
of Chicago sewage on the I l l in o is  River and to find out how 
fa r  down the river the e ffe c t  was evident. At the same time, 
b io lo g ica l investigations were carried on to determine the  
nature and condition o f f is h  and lower forms of l i f e  which 
are influenced by sewage. Measurements were made of dissolved  
oxygen and carbon dioxide and also, frequently, of a lk a lin ity , 
chlorides and n it r i t e s .
The work was carried on from July 21 to September 
11, 1911. At th is time the weather was dry and the riv er  low, 
consequently the amount of d ilu tion  o f the water from the 
Chicago Drainage Canal may be considered to have been at a 
minimum. During July and August the gage at LaSalle showed a 
mean o f 1 2 .7  and 12 .6  fee t respectively  and continued there 
u n til the 10th o f September a fte r  which i t  rose with heavy 
rains as high as 18 .2  fe e t and varied between 15 and 17 fe e t  
for the balance of the month.
The general appearance of the I l l in o is  for twenty 
s ix  m iles from the junction of the Kankakee with the Desplaines 
was very bad. The river had a d is t in c t ly  bad odor and a 
sloppy appearance; the water was r o ily  with grey, mossy strin gs  
o f slim e. In hot weather lumps of scum composed of some sewage 
growth floated  down stream; these lumps varied in s iz e  from a 
diameter of a few inches to two or three fe e t ; i f  struck with  
an oar, they disintegrated and sunk giving o f f  bubbles of gas.
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In the shallow water along the banks in many p laces, bubbles 
of gas, id en tica l in composition with gases from septic tanks, 
were r is in g  from the bottom sediment, The microscopic plants  
and animals were mostly sewage forms. Ho f is h  were known to  
be present.
She determination of dissolved oxygen in natural 
waters has not been used to any large extent u n til very recent 
years. The general fa cts  of i t s  occurrence have, however, 
been investigated for some tim e. In 1871, Dr. Reinhold Heinrich 
published in vestigation s on the "Influence o f Temperature and 
Light oh the Evolution of Oxygen by Water P lants” . (Landw. 
Versuchsst 13, 1 3 6 ). He showed that not only sunlight but 
also a r t i f i c ia l  l ig h t , esp ecia lly  burning magnesium has the 
power to cause the reduction of CO2 by water p lan ts. Tempera­
ture affected  the rate o f evolution of oxygen in any case.
In 1877, Konig und Mutschler published re su lts  o f  
dissolved oxygen te s ts  on w ell water. (Berichte 10, p . 2017). 
They made determinations on waters from numerous w ells and 
found that in October -  November the dissolved oxygen averaged 
8 -  10 c .c .  per l i t e r ,  in July -  August i t  averaged 3 -  3 .5  c .c .  
per l i t e r ;  whi3.e in A pril -  May i t  was 6 -  6 .5  c .c .  per l i t e r .
During 1899 and 1900 a large number of dissolved  
oxygen determinations were made on I l l in o is  River water from 
various points along the stream. (Report of Streams Examina­
tio n , The Sanitary D istr ic t of Chicago). In 1899 supersatura­
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tion  was often  found due to chlorophyl-bearing micro-organisms 
which are very abundant in the I l l i n o i s ,  The green plants  
growing in the lagoons along the river are very aoundant and 
are the source o f large quantities of oxygen which at times 
may be seen coming o f f  in streams of bubbles. In 1900, a fter  
the opening of the drainage canal, the determinations showed 
lower values for dissolved oxygen. Above the Beartrap dam 
at lockport in June 10.9% of saturation was found; below the 
dam i t  was 55.5% ; at J o lie t there was 27.8% above Dam Ho. 1 
and 81.3% below the dam. At A veryv ille , about the same time,
74 -  77% o f saturation was found.
W. J. Dibdin, in "She P u rification  o f Sewage and 
Water" (1905) describes a series of experiments in which the 
rate of absorption of oxygen by oxygen-free water was 
determined. He allowed the water to stand fo r  various lengths 
of time in open pans and from a number of determinations he 
plotted  a curve showing the increase o f the aeration with the 
tim e. The rate of absorption decreased with the time fo r , 
while 20% o f saturation was absorbed in two hours, i t  took 
10 hours for the percent of saturation to reach 50%, and so on. 
He made determinations of dissolved oxygen in the Thames 
from Kew down to The Hore. It  decreased from 70% of  
saturation to a minimum, at Woolwich/ of 22.2% at high water and 
then rose again to 90% by the time the water reached The lo r e . 
Dibdin considered that these figu res represented the
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equilibrium "between the rate of absorption of oxygen from the 
a ir  and the rate of consumption o f  the dissolved ‘oxygen
by the organic matter in the r iv e r . He 
evidently neglected the oxygen given o f f  by plants and micro­
organisms.
W eigeltf"B eitrage zur lehre von den Abwasser" Die 
Chem. Ind. V ol. 27, 1904, p . 514) investigated a lake, d is ­
charging into the Rhine, in which f is h  could not l i v e .  He 
found a to ta l absence o f dissolved oxygen due to the reducing 
action of ferrous s a lt s  from in du strial wastes discharged into 
the lak e. Where th is  water entered the Rhine the dissolved  
oxygen in the river water was reduced below that required to 
sustain f is h e s , fo r  a distance o f  100 meters down stream.
"A Remarkable Experience with Pond Waters" is  
reported by Baldwin and Whipple. (Eng. Rec. Dec. 8, 1906).
In Weequahic Lake at Hewark, H. J. about 120,000 f is h , 15 tons, 
died in two days during the summer. The lake is  an a r t i f i c i a l  
pond with an area of 50 acres and average depth of 5 -  6 fe e t .  
The condition of the f is h  indicated suffocation and i t  was 
found that oxygen was p ra c tica lly  exhausted throughout the 
pond except at the very surface where the maximum of 79 of  
saturation was found. The exhaustion was attributed to the 
sudden death of a heavy growth of algae which se ttle d  through 
the pond and decomposed. The decomposition consumed oxygen 
which could not be replaced because no other chlorophyl-bearing  
organisms or plants were present. Very hot weather and lack of
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any freeze to s t ir  the surface had prevented absorption of  
atmospheric oxygen.
Dr. A. Lederer (Eng. lews, V ol. 64, p. 289, Sept. 15, 
1910) discusses the "R elation  of Dissolved Oxygen in Water to 
the Quality of the W ater". He states that quantity of oxygen 
is  a valuable index but cannot always be taken at i t s  face  
value. Thus two waters may show the same oxygen content 
though one is  pure lake water, while the other is  the efflu en t  
from a sprinkling f i l t e r .  I f  kept in anaerobic condition for  
24 hours, however, the f i r s t  w ill show a lo ss  of about 10$  
oxygen while the other has lo st  80$. Likewise, a f a ir ly  good 
?/ater is  sometimes low in oxygen. Gold has a retarding e ffe c t  
on the consumption of oxygen.
Birge and Juday have made a study of the dissolved  
gases in the lakes o f Wisconsin (B ull. Ho. XXII, W is. Geol. and 
Hat. H ist. Survey). Aeration cannot go on as rapidly in these 
waters as in rivers, because they are not being mixed except 
during wind storms and then only to a small depth. The e ffe c t  
o f microrganisms on the gases is  thus more pronounced. At the 
bottom of these lakes the oxygen is  la rg e ly  depleted, due to  
respiration  of animals and to decomposition of organic matter. 
Hear the surface supersaturation is  often  found. Even in 
w inter, when a lake is  covered w ith ic e , oxygen sometimes 
increases in the upper stratum, esp ecia lly  on bright days and 
in places where the ice is  transparent and free from snow.
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In the study of the e ffe c t  of sea-water on sewage, 
Letts and Richards have used dissolved oxygen te s ts  (Municipal 
Journal and Engineer, 30_, 88V-8, 1911) . I t  has been claimed 
that sea-water inhibited the decompositions of organic matter, 
which consume oxygen, and so the authors compared the s t a b i l i t y  
o f dissolved oxygen in mixtures o f  sewage with tap water and 
with sea water. They found that the decrease was the same in  
either o f such mixtures a fte r  four or f iv e  days; in te s ts  of 
f iv e  or s ix  weeks, however, the oxygen did decrease to a 
greater extent in tap water. They therefore conclude that sea­
water has an in h ib itiv e  action in the la te r  stages of oxidation  
only.
Dissolved oxygen has been considered the most 
sa tisfa c to ry  criterio n  of purity of the waters o f hew York 
Harbor by Black and Phelps (Munic. Jour, and Eng., August 16, 
1911) . The rate of absorption of oxygen from the a ir  by these 
waters has been computed as 1 .9 $  of saturation every 24 hours 
under most favorable conditions. 70c/> o f saturation is given 
as the lower lim it  which should be allowed. The quantities  
a ctu a lly  found have varied from 0 -  100$ o f saturation .
(Report o f Metropolitan Sewerage Commission of Hew York).
The lower quantities were found near shore where p olliition  was 
more concentrated. Surface and bottom samples in the Hudson 
River showed l i t t l e  difference in the amount of dissolved
oxygen
At the time that the work described in  th is  paper 
was carried out, sim ilar determinations were made' fo r  the 
Sanitary D istr ic t  of Chicago (Report on Sewage D isposal, October 
IS , 1911). I t  is  stated  in the report of th is  work that 
summer conditions on the I l l in o is  are the worst. The d ilution  
o f Chicago sewage with lake water is  then le a st  e ffe c t iv e , 
since 1000 cu. f t .  per minute in summer is  equivalent to only 
585 cu. f t .  in w inter. In 1911 conditions were worse than 
before, fo r  several reasons. The Western Avenue sewer was 
opened April 15; the Wilmette pumps (draining Bubbly Creek) 
were in operation a fte r  May; and furthermore, the annual spring 
fresh et, which washes out the river channel, was lacking. The 
report advises against the accxunulation of sediment in the 
upper channel as i t  lowers the e ffic ie n c y  of the oxidation  
processes. Two tr ip s  were made beginning at the mouth of the 
Chicago r iv e r , passing through the Drainage Canal, the 
Desplaines River, and the I l l in o is  to i t s  mouth. The f i r s t  
tr ip  was made between August 51st and September 5th . In the 
canal, no oxygen was fotrnd, at Morris,about 1 .3  parts per m illio n , 
and the same above the dam at M a rse illes . Below the dam i t  
rose suddenly to 4 .5  parts per m illion  and continued almost 
4 .0 ,  u n til below the dam at Henry i t  f e l l  to 2 .5  and then rose 
to about 5 .0  at C h illico th e . In Peoria Lake,the content of 
oxygen rose rapidly to a maximum of 6 .5# but a fter  passing Pekin 
i t  f e l l  ag ain ,u n til, at Havana, i t  was only 5 parts per m illio n .
From here on i t  rose gradually to 6 .5  at Eampsville and 
continued at th is  point to the mouth of the r iv er . On the 
second tr ip , which lasted from October 24 -  30, the dissolved  
oxygen from M arseilles to Grafton varied from 7 .0  to 9 .5  
parts per m illio n , the higher values being near the mouth 
of the r iv e r . At Morris about 5 .0  parts was found and 
minimum was 1 .0  in the canal at lockport. I t  may be ^mentioned 
that, for a month before th is  tr ip , the river had been swollen 
with heavy floo d s.
Samples were taken at Dresden Heights, Morris, 
M arseilles, Ottawa, Starved Rock, Peru, Hennepin, and 
O h illicoth e, as indicated on the map. The stations were 
closer along the upper portion of the river because th is  
part was of most importance in our in vestigation . The 
samples were co llected  from a boat in midstream unless fo r  the 
comparison of d ifferen t points in the cro ss-sectio n  o f the 
r iv e r . Samples were taken from d ifferen t depths on the f i r s t  
trip  down the river in order to see i f  the oxygen content 
showed any variation  with depth. Ho difference was found 
except at O h illicoth e, where, in a current o f about one mile 
per hour, samples from a depth of 10 l / 2  fe e t  showed an average 
of 0 .4  parts per m illion  le s s  oxygen than samples from a 
depth o f 18 inches. At the stations above O hillicothe, where 
the current was sw ifter and the river more shallow, no
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difference could "be detected between surface and bottom samples. 
Consequently samples were taken from a depth o f 18 inches, 
thereafter, wherever depth of the water was su ffic ie n t .
The summary of the quantities of oxygen,and also  
carbon dioxide, found at the d ifferen t station s is  shown in 
fable I . Usually two or more determinations were made on each 
day and in most cases the figu res given are the means of 
several determinations. Three tr ip s  were made down the river  
and the variation in the quantities of oxygen on the three 
tr ip s  is  represented in the graph plotted  from fable I .
The f i r s t  samples on each tr ip  were taken from 
the Kankakee which was usually supersaturated with oxygen and 
alkaline in reaction to phenolphthalein. At Morris the mixture 
of the Desplaines and Kankakee seemed to be complete for  
samples taken from midstream and near the south bank on 
July 22 showed le s s  than 0 .2  parts v a ria tio n . The minimum on 
the three tr ip s  was found above the dam at M arseilles where 
the oxygen consuming processes were evidently most a c tiv e .
A f a l l  o f 12 -  14 fee t over the dam at M arseilles afforded  
considerable aeration which showed in the water 3 /4  mile down 
stream where the average quantity found was 2 .2  parts per 
m illio n . It  is  probable that the water, ju st a fter  passing  
over the dam, contained a much larger quantity of free  oxygen 
which was immediately exhausted by the unstable compounds 
present. In fa c t  two determinations made about 200 yards
-9 -
-1 0 -
lo ca t ion Date
TABLE I .  
Oxygen 
P ts.per
Carbon 
Dioxide 
M il .  P .  P.  M. Temp. C.
Desplaines River 
at Dresden Heights July 27 1 .1 9 13 .1 2 0 .0 °
Xan^akee River
at mouth July 24 10.57 2 .2 2 0 .0 C
Aug. 10 9 • 66 absent 2 7 .0 °
Aug. 21 9 .31 TT 2 3 .6 °
I l l in o is  River
Morris July 21 .12 — 2 4 .0 °
July 22 .25 — 2 5 .0 °
July 28 1 .0 7 11 .2 2 0 .0 C
Aug. 11 1 .72 7 .7 2 2 .0 °
Aug. 22 1 .3 7 6 .8 2 2 .5 °
Aug. 23 1 .4 7 6 .4 2 2 .6 °
Aug. 31 1 .1 0 7 .4 2 1 .0 °
Sept 13 .87 —
•
M arseilles
above dam July 30 .83 5 .9 2 1 .0 °
Aug. 12 .98 11 .2 2 2 .0 °
Aug. 14 .48 1 1 .1 2 2 .5 °
Aug. 24 .55 8 .0 21.7®
Aug. 25 .78 8 .6 21.0®
Sept 1 .58 7 .4 2 1 .0 °
200 yds. below dam Sept 1 5 .90 5 .8 2 1 .2 °
M arseilles
3 /4  mi. below dam July 31 
Aug. 14
2 .6 3 5.8 2 1 .6C
1 .6 5 8 .7 2 2 .5C
Aug. 24 1 .7 2 5 .9 2 1 .5 C
Aug. 25 2 .80 6 .2 2 1 .2 C
Starved Rock
South Side Aug. 15 2 .57 7 .3 25.0®
Aug. 26 3 .07 5 .6 2 1 .0 °
Starved Rock
ITorth Side Aug. 15 3 .2 5 7 .3 2 5 .0 °
Aug. 26 3 .8 0 5 .5 2 1 .8 °
Peru Aug. 2 3 .3 2 6 .7 2 2 .0 °
DePue Sept 11 2 .6 5 7.16 2 4 .8 °
Hennepin Aug. 16 2 .2 5 7 .5 26.0®
Aug. 28 3 .4 5 6 .3 2 2 .7 °
O hillicothe Aug. 3 4 .4 4 5 .9 2 4 .4 °
Aug. 4 
Aug. 17
3 .9 7 5 .7 24.4®
2.35 6 .8 2 6 .0 °
Aug. 29 4 .11 6 .3 2 2 .6C
Variation in Quantity of Dissolved Oxygen 
in Illinois River from Dresden Heights to Chlil/cothe
50 Dissolved Oxygen -  Pts. per Million
60 70 80 90 100 110 I 140
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below the dam on September 1st showed 5 .9  parts of oxygen.
A fter th is  thorough aeration the water apparently.had reached
a fa ir ly  stab le condition. On the tr ip  la stin g  from August 10 -
17, the quantities found at Hennepin and C hillicothe were quite  
th is  condition may be explained by the fa ct that 
low and/at M arseilles on September 14 heavy rains f e l l ,  causing
a rise  of 18 inches at that p lace. These rains probably stirred
up the sediment in the channel. By August 21 th is  e ffe c t  had
disappeared again.
It  was often noticed that the oxygen increased in 
the river during bright days even where the p ollu tion  was s t i l l  
bad. A series of s ix  te sts  made at Ottawa,Sept ember 2 , is  shown 
in Table I la  and the accompaning curves. These re su lts  were 
not included in Table I because they were taken d ire c tly  from 
the shore where the water was only about a foot deep, though 
the current was good. Thus they can hardly be considered to 
represent the main stream, but, since other conditions were 
constant so fa r  as known, it  has been assumed that the variation  
represents the e ffe c t  of sunlight. The carbon dioxide 
decreased as oxygen increased and vice versa. In water of better  
qu ality  the increase in oxygen during the day was usually  
la rg er; thus in the Kankakee, August 10, i t  increased from 
8.67  at 11 :50  A.M. to 10 .5 4  at 5 :30  P.M. with an accompaning 
rise  of 2 .0 °0 . in temperature. On the other hand, at Morris, 
in very foul water, i t  never increased during the day, in mid­
stream. There was, however, a consistent variation  in gases 
during the day in some shallow shore water where green plants
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TABLE I la .
DISSOLVED OXYGEN AiTD CARBON DIOXIDE III ILLI1IOIS
RIVER AT OTTAWA.
Samples collected  September 2, 1911 from south bank ju st
above mouth of Fox River.
Oxygen COs
Time P ts. per M il. P ts. per M il. Temp.
11 :30 A.M. 4 .7 5 _____ 23 .0
1 :4 5  P.M. 5 .50 4 .6 23 .7
2 :45  " 5 .82 4 .2 23 .7
3 :4 0  " 5 .7 0 4 .3 23 .7
4 :30  " 5 .42 4 .7 23 .7
5 :30 " 4 .87 5 .5 23 .7
TABLE l i b .
DISSOLVED OXYGEN AND CARBON DIOXIDE IN SHALLOW
WATER AT MORRIS.
Samples collected  August 31, 1911 in v/ater 4 in . deep,
over stigeclonium .
Time Oxygen Carbon Dioxide Temp
8:30 3 .5 0 7.18 20.8
1 :3 0 6 .05 4 .1 5 22 .3
Hinds River at Ottawa 
Variation in Quantities of Dissolved Gases
figjr^rolear Day
9,0 Dissolved Gases —  Pts. per Mi..
7.0
8.0
5.0
4.0
3,0
20
Oxygen
------------- Carbon Dioxide
Tim e
12-001, .OPM. 200 i t^OO 400 5:00
were growing. (Table l i b ) .
PART I I .  COMPARISOIJ OP WIHKLER AID LEVY METHODS.
The basis o f comparison of various methods fo r  
determining oxygen in v/aters has been the gasom etric. This 
was perhaps the origin al method, but is  not suited for rapid 
determinations or f ie ld  work and consequently t itr a tio n  methods 
have been resorted to .
Konig and Hutschler, (Berichte Y. 2017) in 1877, 
made a comparison of Mohr’ s method with Schutzenberger' s th io ­
sulphate method, and adopted Mohr’ s method. Tiemann and Preusse 
(1879, Berichte E li , p. 1768) made sim ilar comparisons and
Tt
found that Schutzenberger's method gave re su lts  agreeing b etter  
with the gasom etric; the re su lts  by Mohr's method were very low, 
X8nig and Xrauch (1880 Z e it . fur Anal. Chem. XIX 268) in further  
experiments obtained fa ir ly  good resu lts  with Mohr's method, 
though these re su lts  were a l i t t l e  high as a rule due to failrire  
to exclude a l l  a ir  from the apparatus.
Owing to disagreement in the resu lts obtained with 
Mohr's method by these and other in v estiga to rs, I .  YT. Winkler 
devised an iodim etric method which he published in 1888. 
(Berichte XXI, p . 2843). I t  depends on the fa c t  that manganous 
hydroxide is  oxidized to manganic hydroxide by dissolved oxygen 
in alkaline solu tion . By adding potassium hydroxide and hydro­
chloric acid , an equivalent amount of iodine is  set fr e e , which 
is  then titra te d  with thiosulphate in the usual way. inkier
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found that the presence of carbonates n ecessitates the use of 
larger quantities of manganous s a lt , because manganous carbonate 
is  unaffected by oxygen in solution . He also altered the method 
s lig h t ly  fo r  waters containing n itr ite s . I t  is  w ell known that 
iodimetry cannot be carried out in the presence of n itr ite s  
owing to the reaction of hydriodic acid with nitrous acid ,g iv in g  
free iodine and nitrous oxide which rapidly absorbs oxygen 
from the a ir  with formation o f nitrous acid again. Winkler 
added the potassium iodide to the solution a fte r  a c id ify in g , 
for by th is  procedure the n itr ite s  were oxidized to n itra tes by 
the manganic chloride present, before the potassium iodide was 
introduced. I t  might be pointed out hererthat i f  the oxygen 
were low and the n itr ite s  high, enough manganic chloride might 
not be formed to oxydize a l l  the n itr ite s  and consequently th is  
method would f a i l .  (This is  not an impossible condition in  
view of the fact that as much as 0 .50  parts per m illion  of 
nitrogen as n itr ite s  were found sevei'al times in I l l in o is  river  
water during the summer of 1911.) I f  the n itr ite s  amounted to 
more than 0 .10  parts per m illion  o f nitrogen, Winkler made 
a correction for the amount of oxygen used to oxidize the n itr ite s  
to n itra te s , by treating a separate sample with an exact 
quantity of a manganic chloride solution and a fter  th is  had 
stood fo r  three minutes, he added potassium iodide and titra ted  
the iodine set fr e e . A blank with the same quantity of 
manganic chloride solution  in d is t i l le d  water showed by difference  
the amount of n itr ite s  in the sample.
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In the te s ts  conducted by Prof. Palmer and others 
on I l l in o is  River water in 1899 and 1900 (Report o f Streams 
Examination, The Sanitary D istr ic t of Chicago) the levy method 
(Mohr's method with special apparatus) was compared with the 
’Jinkler method and the levy method adopted because of the 
ease with which a blank could be determined. A blank was 
considered necessary with polluted  surface water.
In the Analyst (1901. p. 141) Ride a ! and Stewart 
proposed a new correction fo r  the Hinkler method. They 
titra te d  a 50 c .e .  a c id ified  sample of the water with 
permanganate u n til a pink color was permanent for 10 minutes. 
They then added the calculated amount o f permanganate to a 
regular sample and allowed th is  to stand for 10 minutes. I f  
any pink color then remained, it  was removed by addition of 
1 c .c .  o f 2/o potassium oxalate solu tion , a fte r  which the 
regular procedure was follow ed. The method gave good results  
but is  evidently not very p ra c tica l.
Dr. Herman R oll (Z e it . fur Ang. Chem. X V III, 
p. 1767, 1905) found that ’.Tinkler's correction for n itr ite s  
gave erroneous resu lts d\ie to the vigorous oxidation of 
organic matter by chlorine set free  from manganic chloride in  
acid so lu tion . He therefore introduced potassium iodide before 
adding the manganic chloride,w ith  the purpose of protecting  
organic matter by th is  means.
Dr. Cronheim (Z e it . Ang. Chem. XX. 1939) 
in further experiments found that free iodine i t s e l f  attacks a
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certain amount of organic matter in water.
Birge and Jacday, experimenting with Wisconsin 
lake waters,used W inkler’ s method for no Blank was required 
with those waters. Both the Winkler and levy  methods had Been 
tried  and found equally re lia B le .
The metropolitan Sewerage Commission used the levy  
method which was endorsed By Prof. G ill o f the Massachusetts 
In stitu te  of Technology. (1910 Report)
The Mohr-levy method was chosen By us for the 
determination of Oxygen in the I l l in o is  River. I t  is  carried 
out as fo llow s:
C ollect the sample in a pipette of 107 c .c .  
capacity provided with a stor>-cock at each end, and at one end 
a small cup By which reagents are admitted. Place S c .c .  of 
potassium hydroxide in the cup and draw th is  into the p ipette  
By opening Both stop-cocks enough to allow 2 c .c . o f the sample 
to escape into a flask  containing 2 c .c .  o f d ilu te  sulphuric 
acid ( 1 :2 ) .  Add next exactly 5 c .c .  o f ferrous ammonium 
sulphate By the same means allowing 5 c .c .  o f the sample to 
escape into the same fla sk  as Before. Then mix the reagents 
with the sample By shaking and turning thepipette . How allow  
the mixture to stand while running a Blank with another sample. 
A fter th is , put 5 c .c .  o f  sulphuric acid in the cup and open the 
upper stop-cock. The sulphuric acid w i l l  d iffuse down into 
the pipette and dissolve the p recip itate  of ferrous and ferric  
hydroxides. Then allow the whole solution to run into the
1 errors arr.oniur sulphate, l c .5  g . per l i t e r ,  
rot£3Siur perrangarate L' 80
So c o l le c t  £ sample, lower the p ip ette  described above 
in to  the water by rears o f  £ l ig h t  ra ta l case attached to  a 
rax he d chain, have both atop -ccchs open end have the upper end 
o f  the p ip e tte  connected by rears o f  £ rubber tube to  a trap 
in  the boat. l i e  trap con sists  o f  a Wolfe b o tt le  iro n  which the 
a ir  can be p a r t ia l ly  exhausted by rears o f  a b ic y c le  purrp in  
which the plunger is  reversed . Ire trap should hold three or 
four t ir e s  as rueh as the p ip ette  and thus,when i t  i s  f u l l , t h i s
quantity o f  water has passed through the p ip e tte , leaving a sarp le 
which has net been in  contact with the a ir . Purp the trap f u l l
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of water, close the tubber tube with a pinch-cock and ra ise  
the p ipette to the surface o f the water. Close both stop­
cocks at once, disconnect the rubber tube and remove the metal 
case.
The determinations made with the Winkler method 
were carried out as fo llow s:
C ollect the sample in  the 107 c .c .  p ipette  as 
before. Add f i r s t  2 c .c .  of manganous sulphate, then 2 c .c . of 
UaOH-XI so lu tion , mix thoroughly and allow to stand several 
minutes. Then add 5 c .c . of sulphuric acid and mix again. 
F in ally  le t  the contents of the pipette run into the fla sk  and 
t itr a te  the free  iodine with thiosulphate. The solutions  
used are.
manganous sulphate, 480 g . per l i t e r ,
(Sodium hydroxide, 560 g . per l i t e r ,
(Potassium iodide, 150 g .  per l i t e r ,
Sulphuric acid , 50^,
Thiosulphate, 11/80,
Starch indicator.
The re su lts  of determinations o f dissolved oxygen 
by both levy and Winkler methods on samples o f the same water 
are shown in Table I I I .  In every case the Levy method gave 
higher resu lts than the Winkler method, the average difference  
being 0 .50  parts per m illio n . On the samples from the I l l i n o i s -  
Michigan Canal the difference was le ss  than th is amount, while
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3?ABIE I I I .
DISSOLVE]) OXYGEN BY WINKLER AND LEVY METHODS.
Samples Collected Prom 
I l l in o is  River at Morris
it tt n
»T IT IT
Illin ois-M ich igan  Canal 
At Morris
I l l in o is  Michigan Canal 
At Morris (kept 18 hrs)
I l l in o is  River at Morris
TT TT tt
Winkler Levy
.35 .70
.10
.35
.30
.04 .85(error)
.00 .50
.48
.15 .65
• 60 fexposed 
.03 to air)
.70
6.36
6 .51
6 .80
5 .94
6.00
1 .3 3 2 .00
1 .3 4 2 .05
.35  .85
.39 .90
.40  
.55
on I l l in o is  River samples i t  averaged higher.
Attempts were made to use the Winkler method, 
unmodified, on river water kept for twenty four hours or more. 
When the samples had been kept that long, however, iodine was 
continually liberated  in the solution  after it  had been 
a c id ifie d , fo r  t itr a tio n  with thiosulphate. This was no doubt 
due to the continuous reaction of nitrous acid with hydriodic
-2 0 -
acid which has been mentioned by Winkler and others.
R. W. Olarke (Analyst, August 1911) w rites the reaction as 
fo llo w s :
(1) 2H1I0E + 2HI = II eOe + 2HeO + Is
(2) 211 sO s + 2H 2O 0 2 = 4I1B0 2
The oxygen in (2) is  supplied by the a ir  from which i t  is  
readily  absorbed by n itr ic  oxide.
From these resu lts i t  is  evident that the Winkler 
method, without cofreetion s, was not suitable for the water under 
examination. On the other hand the blanks and other corrections  
proposed by various investigators cannot compare in sim p lic ity  
with that of the levy method. I f ,  therefore, the lev y  method 
can be shown to give re su lts  which check with the gasometric 
as has been stated by several au thorities recently, i t  is  the 
better method for such a polluted water.
